Purified antigens of certain gram-positive bacteria have been described in great detail, and an increasing emphasis is being placed on their occurrence in structural components and the delineation of taxonomic groups. Little is known about the antigens of the corynebacteria, and, although Wong and T'ung (18) and Cummins (1) identified a type-specific protein and a groupspecific polysaccharide in Corynebacterium diphtheriae type mitis, no subsequent analyses of these antigens have been reported. The present study describes the isolation, purification, and identification of two precipitating antigens of C. hofinannii, and presents data of their chemical composition.
MATERIALS AND METHODS
The strain designated as C. hofmannai (C. pseudodiphtheriticum ATCC 10700) was used throughout these studies. Laboratory strains of C. xerosis, C. pyogenes, C. equi, C. diphtheriae type mitis, and Staphylococcus aureus were used to test cross-reactivity. The cells were maintained on Trypticase Soy Agar (BBL) and subcultured at regular intervals.
Acid extracts. Extracts were prepared from cells of C. hofmannii grown in 1-liter lots in Trypticase Soy Broth (BBL) on a rotary shaker at 28 C for 24 hr. The cells from 12 liters were pooled, collected by use of a Sharples centrifuge, washed twice with saline and once with distilled water, and stored at -15 C. A 20-g amount of wet cell mass was suspended in 2 to 3 ml of distilled water, and disintegrated for 60 min in a water-cooled Raytheon ultrasonic oscillator at 10 kc/ sec. Five volumes of 0.625 N HCl was added to each volume of slurry (20 ml), and this homogenate was heated at 100 C for 15 min, cooled, and adjusted to pH 7.2. The supematant fluid was collected by centrifuging at 15,000 X g for 20 min; it was then dialyzed against moving air for 7 hr, and subsequently against 0.02 M buffered saline (pH 7.4) overnight at 5 C. The extracts were stored at -15 C. Extracts from other species were similarly prepared from 1 g of wet cell mass.
Fractionation columns. Diethylaminoethyl (DEAE) cellulose columns (2.5 by 38 cm; Sigma Chemical Co., St Louis, Mo.) were used for each 15 ml of extract (equivalent to 10 g of wet cell mass). The column was eluted at 5 C with approximately 135 ml of 0.02 M phosphate buffer (pH 7.4) being washed in saline for 24 hr and dried with filter paper in a hot-air incubator at 37 C for 8 hr, the protein bands were stained with 0.5% amidoblack in 5% HgCl2 and 5% acetic acid. The slides were washed for 1 hr in 5% acetic acid, dried, and photographed by dark-field illumination. Disc electrophoresis. A small pore gel, formed by polymerizing a 30% aqueous solution of acrylamide with buffer components for electrophoresis, was prepared from a Canalco trial kit and used with the Canalco model 150 power supply (5) . A 50-mm column was used for samples of 200 pg of material from Sephadex fractions A and B, and the current was applied for 1 hr. The protein was stained with amidoblack, destained electrophoretically, and then photographed.
Chemical analyses. Protein was determined by the procedure of Lowry et al. (7), with crystalline bovine albumin as standard. Nucleic acids were determined by the method of Warburg and Christian (16) by measuring the ratio of the optical density at 260 and 280 m, on a Unicam SP-700. Hexoses were determined by the anthrone method as described by Scott and Melvin (15) , with dextrose as standard. Readings were made at 660 mp on a Klett Summerson colorimeter. The Orcinol reaction for methyl pentoses (17) was used with arabinose as standard. Readings were made at 560 m,u on a Klett Summerson colorimeter. Hexosamine was estimated by the method of Rondell and Morgan (12) , with glucosamine hydrochloride as standard, and samples were examined at 560 mu in a Klett Summerson colorimeter.
Chromatography. Amino acids and sugars were separated by two-dimensional descending chromatography on Whatman no. 1 paper (46 by 75 cm). Phenolwater (80:20 by volume) was used as the solvent. For sugars, 12-pg samples were hydrolyzed in 2 N H2S04 at 100 C for 2 hr in sealed vials, neutralized with BaOH2, centrifuged, and dried under vacuum at room temperature. The hydrolyzed samples were redissolved in 0.2 ml of water and applied to the paper; standards were prepared from 10 pAg of sugar solution. Elution was carried out for 25 hr; the papers were dried, and sugars were identified by spraying with aniline hydrogen phthalate reagent (10) . For the identification of amino acids, 2-mg samples were hydrolyzed in 6 N HCI at 121 C for 2 hr in sealed tubes. After hydrolysis, the material was dissolved and evaporated several times in a boiling-water bath, and finally resuspended in 0.2 ml of water. A 10-,pg amount of standard amino acids and 50,ug of hydrolysates were spotted on the paper. The papers were stained with 0.2% ninhydrin and heated at 80 C for 10 min.
Quantitative amino acid analysis was carried out on a Technicon automatic amino acid analyzer.
Samples of 2.0 mg were hydrolyzed in 5 ml of 6 N HCI for 16 hr, dried, and redissolved in 0.1 N HCl. Volumes of 0.30 ml were tested. Nitrogen was determined by calculating the total amount of nitrogen in micromoles.
Molecular weight. The sucrose density gradient method of Martin and Ames (8) 
RESULTS
Serological activity was measured by immunodiffusion tests with high-titer homologous antiserum. Hot-acid extracts, prepared from crushed cells, showed two precipitin lines; the first band was heavy and broad and appeared closer to the antibody reservoir than the second sharp line (Fig. 1, lower well 4) .
The acid extract was separated on a DEAE cellulose column into four fractions of increased absorbance (Fig. 2) . Samples from each of the four fractions gave carbohydrate values of 75, <2, 7, and 15%, as measured by the anthrone test. Immunodiffusion tests with the third fraction (eluted at approximately a linear KCl concentration of 0.5 M) gave two precipitin lines which showed a reaction pattern of identity with the lines formed with the hot-acid extract (Fig. 1,  upper well 3, lower well 4) . The first, second, and fourth fractions each gave one faint precipitin line and were not further identified.
The effluent from the third DEAE fraction was separated on a Sephadex G-200 column into two fractions of increased absorbance, designated A and B (Fig. 3) ; each gave a sharply defined precipitin line which corresponded in identity with the lines obtained with the hot-acid extract and the third DEAE fraction, and are referred to hereafter as antigen A and B, respectively (Fig. 1,  lower wells 3 and 1) . Spectrum analysis showed that both antigens had a higher extinction value at 260 m,u than at 280 m,u, with a maximal absorption at 264 my (Fig. 4) (Fig. 5) . Under high voltage, the migratory rate was increased, and the arcs of precipitate were drawn out.
The purity of antigen A was verified by disc electrophoresis, which showed a single dark band at a distance of approximately 7 mm behind the tracking band (Fig. 6) . No band was observed with antigen B.
The biochemical analysis for protein, carbohydrate, pentose, hexosamine, and nucleic acid is reported in Table 1 16 ,500 and 21,000, respectively (Fig. 7) .
DIscussIoN
The precipitin patterns obtained with immunodiffusion tests in which the gradient of antiserum was established from a circular well (9) were difficult to interpret. However, when the conditions of diffusion were arranged corresponding to those U) Z . of an immunoelectrophoretic plate, with the gradient established from a horizontal trough, the reactions were clear-cut and the lines of identity easily verified. In the latter method, the amount of antiserum is greatly increased and the ratio of the reactants at the site of the formation of the precipitate differs because the path of antibody diffusion is representative of a linear rather than a radial direction.
In the initial studies, the cells were disrupted with a Hughes press or a French pressure cell, but much higher yields of antigens were obtained from cells crushed with a Raytheon sonic apparatus.
The separation of the two precipitating antigens from the effluent of the DEAE column proved difficult, and Sephadex G-75 and G-200 columns of various sizes were tried. Differential separation was finally achieved on a Sephadex G-200 column (2 by 50 cm), indicating that the two In a recent study on the surface antigens of C.
diphtheriae, using fluorescein-labeled antiserum, Jones and Lewis (6) identified the determinant group of the antigen in immunofluorescence as alanine, which is the N terminal amino acid. Absorption tests are in progress to determine whether DL-alanine removes the precipitin lines produced by the C. hofmannii antiserum. Antigens A and B appear to be similar in terms of chemical structure and electrophoretic mobility. They are heat-stable, acid-resistant, and differ in molecular size. These antigens may be of value in the classification of C. hofmannii and related species.
